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(* ¢SECURITY INFORMATION
1. S U M M A R Y

This report describes the work which has been accomplished
in the development of rotary wing tip-mounted pulse-jet engines
under U. 3 Air Forces Contract No. AF 33(600)-5860 during the
period from July 15, 1952 to October 15, 1952.

- The effect of a 35% increase in cooling air inlet duct
area has been to increase the structural strength of the Conical
engines.

Aluminum has been considered and proven inadequate for
fabrication of the cooling air baffle.

The XPJ-49-AH-l (AJ-7.5) Inlet valve which was used in
the 25 hour qualification test has been further tested to 38
hours without failure.

The fabrication of the valve tensiometer has been completed
and a calibration of the sprinq elements has been accomplished.

A set of lower frequency reeds and a multiple -oint fuel
injection system have been designed and fabricated for the
10o0 inch diameter engine.

The thrust performance of four cowling configurations
has been evaluated and the high speed superiority of the short-
lip circular type proven.

Three designs of 6.75 inch diameter development engines,
as well as the XPJ-43-AH-1 (AJ-9o4) and XPJ-49-AH-l (AJ-7o5)
engines have been tested at high tip speeds on the recently
completed Special Low "G" Test Stand. The XPJ-43-AH-1 engine
was tested to 450 ft/sec0 and the smaller engines were tested
to 550 ft/seCo

The altitude effect on cowling parameters, inlet valve
parameters, venturi parameters and tube geometry has been in-
vestigated.

As of 15 October 1952 the funds and man hours were 95%
and 98%, respectively of the total contract;

(
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2. 1 NT R 0D UC T I ON

This is the fourth (quarterly) progress report to be
submitted in accordance with Item 2a of Exhibit "A" of
UoS, Air Forces Contract No. AF 33(600)-5860. Progress made
in the development of improved tip-mounted pulse-jet engine
components for rotary wing applications during the period
Qf 15 July 1952 to 15 October 1952 is described herein. This
development work Is being accomplished in accordance with
Item 1 of Exhibit "A" of the above mentioned Contract.

The information presented herein is intended to summarize
the accomplishments during the period covered by this report.
It should be noted that this report does not include work
being accomplished under Supplement No. 4 to this contract.
Work under the Supplement will be reported In a separate re-
port,

The basic power plant development vork has been accom-
plished by the Power Plant Division at the Mesa, Arizona fa-
cility and flioght testin7 is being performed at the Manhattan
Beach., California plant0

(
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3° DISCUSSION

3. 1 STRUCTURAL DEVELOPMENT

3.1.1 Work Accomplished

The engine shell temperature investigations have shown
that the cooling air baffle is very effective in reducing
the temperature of the tailpipe. The te'nperature of the
baffle itself was indicated to be close to the softening
temperature for aluminum (Reference 1). Since the baffle
is not a load carrying member, it was decided to investigate
the possibility of using this lightweight material. A one
inch, aluminum extension was made to the stainless steel
cooling baffle of an experimental engine.

This engine was used in the altitude test program and
was operated at several tin speeds and all operable fuel
rates at each altitude° At the conclusion of the test pro-
gram the bat'fle extension was inspected. The "G" lcad and
heat had deformed the inboard side of the extension and it
had melted against the tailpipe. The outboard side of the
aluminum extension, which could not come in contact with
the tailpipe, was also warped. It has9 therefore, been con-
cluded that aluminum is inadequate for fabrication of the
cooling air baffle; however, titanium, which is half as
heavy as stainless steel, might be used.

The previous structural work, which was reported in
References 1 and 2, has indicated that the tailpipe temper-
atures could be further reduced and the structure improved
by increasing the amount of cooling air supplied to the tail-
pipe area. Therefore, a 35% increase in cooling air inlet
scoop area was incorporated in experimental engines AJ-6.75-
152, AJ-6,75-153, and AJ-6.75-154, shown in figure 1. These
three engines have been tested at various speeds and subjec-
ted to centrifugal forces up to 300 "G"o Each engine has
accumulated between 3 and 4 hours of "hot time" during the
altitude test program.

Careful inspection after completion of the altitude
..whirl test program has shown that none of the tailpipes
have begun to ovalize or buckle. The usual failure of this
type of engine consists of local buckling and collapse of the
inboard side of the tailpipe. It is believed that the addi-
tional cooling air has prevented this failure.

(E WE
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The outer shell of one of the engines, AJ-6.75-152,
started to buckle (between the two outboard cooling ports)
during the first run. However, no further deformation oc-
curred in any of the subsequent runs. This partial failure
pointed out the importance of locating the inlet air ports
away from the part of the shell where maximum compressive
buckling stress occurs.

3.1.2 Work to Be Accomplished

The summary report of structural development work will
be completed during the forthcoming quarter.

3.2 INLET VALVE DEVELOPMENT

3.2,1 Work Accomplished

As was previously reported (Reference 1), the 6.751"
diameter engine valve box, which was being life tested had
accumulated 60 hours and was still in good operating condi-
tion. Since the engine tube, at the present time, under
high "G" loads has a life expectancy of about 35 hours, it
was deemed inadvisable to further extend the valve life test
evaluation at this time. However, the 7.5" diameter engine
valve which was used in the Flight Rating Test, Reference 3,
was further tested to determine its life expectancy.

This test was conducted on the 167 inch radius whirl
arm on the Endurance Test Stand. After a total time of 38 hours
had been accumulated, the whirl stand tie-down bolts failed
due to fatigue and the tripod broke loose from the moorings
and damaged the whirl arm and the engine was completely de-
molished. The valve box had been inspected after 36 hours
and was in very good condition at that time. The valve life
is believed to be considerably greater than 38 hours.

The fabrication of the valve tensiometer has been
completed and the spring elements calibrated. The valve
tensiometer was designed to test the stiffness of reed as-
semblies and find the over all spring constant of the reed
and keeper assembly. This unit is shown in figure 2, The
force is applied through the calibrated center spring by
turning the wing nuts on either side. The deflection of the
reed assembly is read on the dial gage.
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3.2.2 Work to be Accomplished

The tensiometer measurements and the effect of valve
tension on engine performance will be investigated in con-
junction with work under Supplement No., 4 to the subject con-
tract.

The summary report covering the work accomplished under
this phase of the original contract will be prepared.

3.3 HIGH SPEED PERFORAANC_ IMPROVEMENT

3,3.1 Work Accomplished

Four designs of inlet cowling have been investigated
to determine their drag and their effect on the thrust per-
formance of a 6,75" diameter engine. A description of the
cowls and the cold drag Derformance is presented in Reference 1.
A picture of the cowls is reprinted herein as figure 3 for
convenient reference. The cowling tests were made with a
6.75" diameter "reference" engine (AJ-6.75-140) mounted on
a 225" radius whirl arm. Performance whirl tests were made
at t'n velocitiesof 350, 375, 400, and 450 ft/seco

Each cowl was evaluated with this constant engine
configuration0  Cowlings 2 and 3 (figure 3) produced the
.Aghest net thrust and had almost the same performance at
650 ft/sec. tip velocity where cowl No. 1 produced the highest
peak net thrust as indicated in the following curve,

0 Cowling No. 1

I A Cowling No. 2
... ............. . --- Gowli e -3 . ....

0 Cowling No. 4

E4

z

,9o to 4q 4 '
Tip Speed F.P.S.
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The effect of air bleed-,off on engine performance at 400 ft/sec.
with cowling No. 4 is shown in the following curve:

Referenced Engine Cow ing No. 4
2 400 Ft/Sec and

4-' Bott m

:3 2 r .. .. . .

24

23

Bleed Off Slot Area Square Inches

These data indicate that the thrust performance can be in-
creased with air bleed-off in a diffusion type cowling and
the optimum bleed-off area for cowling No . 4 is a 3/8 x 2"
slot located at the top and bottom of the cowl directly aft
of the valve box face.

From the foregoing data, it is concluded that the NACA
series 1 circular type cowling is superior to the original
rectangular ram type cowling; especially at tip velocities
above 350 ft/sec0 Cowling No. 2 and cowling No. 3 were found
to offer the lowest cold drag and gave the highest thrust
performance of all the cowls over the range of tip velocities
that were covered. Air bleed-of' di.d improve the performance
of the diffusion-cowl (No.4)and thus Improved performance
decreased as the air bleed slot was progressively increased
in size,

An alternate, multiple point, fuel injection system has
been designed for the 10.0" diameter engines in order to im-
prove the distribution and atomization of the fuel. This is
essentially a center-located cluster nozzle design.

The valve natural frequency investigations reported in
Reference 1 have indicated that the engine performance is
optimum when the natural frequency of the reeds is close to
the frequency of the engine tube. The original 10.0" diameter

HIESTOCTED
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engine reed design had a natural frequency of 160 cps, Since
the frequency of the lO.O" diameter engine is 110 cps, alter-
nate reeds were designed for a frequency in the same range as
the englne0

Since the completion of the Special Test Stand (Low "O")
the performance data on most of the basic engine designs has
been-extended to the hiaher tin soeeds. The XPJ-43-AH-1
(AJ--9.4) engine data, w'iich were previously limited to a maxi-
mum speed of 350 ft/sec. have now been extended to tin speeds
of 400 and 450 ft/sec. Engine performance was as follows:

P-4 Fliglit Engine

80

C
60

320 50 40

Ti? Speed F.P.S.

The performance for the XPJ-43-AM4-l (AJ-7o5) engine at
tip soeeds un to 5,Y) ft/sec. is nresented below,

0-

: 30 
_

2-

1) 
_ _ __'_

Tip Speed 1't/Sano

81fLSTMTED



Three designs of' 6,751 diameter experimental engines
have also been tezted at higher tip speeds. The hiigh speed
data for these test enrines is presented in the figrure below.
The pr'incloal difference betvweern these en 41nes is the diameter
of the talipipe as Ln-licated in figure 1.

&-152 Standard Tailpipe iia.

4 -5 -

to4d U .0 55'0
T"i p Speed Ft,/Sec

The effect of tailpe, diameter on the engine cold drag
is presented in the curve below; and helus to explain the
superior performiance of the sniial tailpipe angina at 550 ft/sec,

153 3.25 T.P. Dia.

80(__
~70 - - _ __ _

~60 - ___

50C

.Imgine Drag Pounds
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3.3.2 Work to be Accom2lished

The- summary report coverlng t:his nhase of the develop-
ment rro.'rarm w4 ]I be rrer'ared,

3.4 ALTITU'1DE 7T) 
m N

3 o Wco., k Aec'op shed

An Intensive altitude development whirl test program
has been car-r'i! ,)ut dJirnf the ores..t re-port perlodo Tests
were made at eqsuiv:ert standard density altitudes of2 12,300,
1O 500. .00,, and U00 *'!eet . The effects of inlet covling
deSIgrn vaive cpen area venturi throat area end tall]ipe
area were evaluat-e at v riou- altitudes.

The 4t: -o sb :J.atter tire extensive enough to
warrant rresentt.,on in a secorate reoort, This report is
presently beir.. 'e

35,4. o W ;')r : b-e .. A,nompn1-he.3

The report of altituie test results will be comp3e ted,
These results will -also be ;rtqenTell 'n the sumrma- retort.

3.5 KUTT CN T ,2D JOIN. T 1.. "VE.ST " 'TJONS

The renmInin£ 'tems of work to be comoleted under the
Functional and f.antonance Invest.'ation phase is a thermo-
dynamic analysis to determine the feasibility (,f using the
heat evolved Irom the coo]ins of the nulse-iet enmine for
helicopter rotor blade deicing°

Bpcajse of the heavy work load In the Analytical Group,,
it has been necessary to eostpone 'h rotor delcing- annal'sis
until December. This analysts il, be subject of a separate
report. The re.4.i!ts will also be Incorporated in the suurnary
report.
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4, C ON C LU S I ON S

The major accomplishments under Contract No. AF 33(600-5860
during the period covered by this report were%

a) Whirl test evaluation of engines providing for
34% more tailpipe cooling air than previous con-
figurati ons.

b) Life tests to 39 1:ours on a valve box assembly
from the XPJ-49-,AH-.l (AJ.-75) engine without
failure of the valves.

c) The valve tensiometer was completed and calibrated.
d) Tests of four different inlet cowl configurations

were completed,
e) Alternate fuel injector and valve configurations

for the 10.0" diameter engine were designed and
fabrl cat-d.

- f) Tests of various en-ines to 550 ft/sec. tip speed
were accomplished on the new, Special Test Stand,

g) A report cov'ring the results of the altitude whirl
test program is being prepared.

Work will be initiated on the summary report(s) covering
all of the work accomplished under the various phases of this
contract durinq the forthcoming quarter. The summary report(s)
will fulfill the contractual requirement of Item 2c of Exhibit
"A" of the original contract (this does not include work
under Supplement No. 4 of this contract).

As of 15 October 1952 the funds and man-hours expended
on this contract were 95% and 98% respectively, of the total
estimated cost and allotted hours0

SRES"O'O"I'ED ./.,.,



5. R EF E RE N CES

Reference l-, American Helicopter Co., Inc. Report No. 172-C,
"Development of High Performance Rotary Wing
Tip-Mounted Pulse-Jet Engine Components
Th-1rd Quarterly Progress Report'

Reference 2z; Aanerican Helicopter Co., Inc. Report No. 172-B.
"Development of High Performance Rotary Wing
TiD-Mounted Pulse-Jet Engine Components -
second Q.uarterly Progress Report"'

Reference 3-. American Helicopter Co., Inc. Report No.
157-L-~3, "Results of Preliminary Flight Rating
Tests of the Model AJ-7.5 Pulse-.Jet Engine"
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Figure 11

Figure 2

Figure 3
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